Navier-Stokes simulations have been performed for vortical flows over an "arrow-wing" configuration of a supersonic transport in the transonic regime. Computed steady pressures and integrated force coefficients with and without control surface deflection at a moderate angle of attack are compared with experiment. For unsteady cases, oscillating trailing-edge control surfaces are modeled by using moving grids. Response characteristics between symmetric and antisymmetric oscillatory motions of the control surfaces on the left and right wings are studied. The antisymmetric case produces higher lift than the steady case with no deflection and lhe unsteady symmetric case produces higher lift than the antisymmetric case. The detailed analysis of the wake structure revealed a strong interaction between the primary vortex and the wake vortex sheet from the flap region when the flap is deflected up.
Introduction
--Wing contour st BL4 374 _ _ur at _di_" to easily align grid lines to the control surface. The 1CEM DDN CAD software systenf' was used to generate the surface grid. From the surface grid, the volume grid was generated by using I-tYPGEN code. _'' Although the experimental modeP has two flaps both at the leading and trailing edges, only the outboard flap at the trailing edge is considered in this article. Figure  1 shows the geometry of the wind-tunnel model. The configuration has a thin, low aspect ratio, highly swept wing mounted below lhe centerline of a slender body. The wing is flat with a rounded leading edge. It should be noted that the exact wingtip definition was not available and so the tip thickness was decreased to zero across three grid points. Figure 2 shows the overview of the surface grid for the fullspan configuration (the grid lines on the wing are shown for every other line). The reference length is taken from the mean aerodynamic chord and the origin of the coordinates is set at the nose of the body. The body is extended to the downstream boundary.
The haft-span grid used for the symmetric cases consists of 110 points in the streamwise direction, 116 points in the spanwise direction, and 40 points normal to the body surface, for a total of 510,4(10 points. The bilateral symmetry condition is imposed in the x-z plane at y = 0 (the center of the body). In the following computations, the grid is further divided into the upper and lower grids at the wing and the H-topology cut condition is provided through a zonal interface. For the full-span configuration used for the antisymmetric cases, the grid is mirrored to the other side (total of four zones), and thus, the number of grid points is doubled to 1,020,800 points. Flow variables at the zonal interfaces were updated as soon as the adjoining zones were computed. This gives a semi-implicit zonal interface for steady-state calculations. The same procedure can be applied to unsteady calculations by alternating the sweep through zones at every time step.
To treat the control surface movement without introducing additional zones, a small gap is introduced at the end of the control surface. This region is used to shear the grid when the control surface oscillates. the x axis. Therefore, at the 80% section, the antisymmetric result shows smaller AC_, (and thus, smaller sectional lift) than the symmetric result. Figure 7 illustrates the structure of the vortical flowfield for the antisymmetric case by using the helicity density. Figure  7a corresponds to the trailing edge. Note that the helicity density was computed on the grid points, and thus, the crossflow view here is not exactly the y-z plane at a constant x location.
The The density contour plot in the crossflow plane (the true y-z plane) at x = 2.6 is shown in Fig. 8 . The right half of the plot corresponds to the wake for the upward flap position and the left half corresponds to the wake for the downward flap position.
On the left-hand side (LHS), four low-density regions can be found: 1) the primary vortex P, 2) secondary vortex S, 3) rolled-up wake vortex sheet R, and 4) the flap inboard-tip vortex F. The wingtip vortex is weaker than these vortices and is not clearly observed here. The secondary vortex and the rolled-up wake vortex sheet are really the same vortical region and they merge rapidly as shown in Fig. 7 The nondimensional time step size used was about 0.1)025 (5000 steps per cycle, this number was determined by accuracy considerations based on the experience in Ref. 6). Two cycles of the flap motion were computed from the steady-state solution with no flap deflection.
To verify the time accuracy, the time step size was set to about 0.0016 (751)/) steps per cycle) at the third cycle. Since the second and third cycle gave the same pressure responses, the solution converged to a periodic solution with sufficient time accuracy. Figure  12 shows the lift responses with respect to the flap deflection angle of the right wing. As observed in Fig. 11 , the right wing shows the hysteresis as the flap is deflected up (negative deflection). The total lift response shows that the unsteady case has more lift than the steady case (Cr = 0.310).
The symmetric case shows the hysteresis when the flap is deflected down. This increase in the lift is associated with the primary vortex enhanced by the downward deflection of the flap. The overall lift for the symmetric case is higher than the antisymmetric case. This is consistent to the steady pressure result shown in Fig. 6 . On the other hand, the antisymmetric case introduces a circulation around the x axis as discussed earlier in the steady results. This circulation reduces the strength 
Conclusions

